Abstract-How to achieve desired accuracy of RFID localization is challenging for high dynamic and sparse environments, especially for anisotropic RFID tags. We introduce a new method of measuring location of the active RFID tags in three-dimension space to improve localization accuracy. This research (i) provides directional signal-distribution models for both horizontal and vertical orientation of anisotropic active RFID tags, (ii) improves an attenuation model of RF signal with transmitting distance for real applications and (iii) deduces a spatial signal attenuation model of an active RFID tag (SSAM). The accuracy of the model is less than 4 dB for more than probability 50% based on the experimental results, location accuracy is up to 1 meter in 400 m 2 experimental field.
INTRODUCTION
There are a number of literatures about localization with passive RFID tags in last ten years [1] . RSSI (Received Signal Strength Indicator) is an easy readable output-character of RF signal from a RFID reader, so traditional logistical applications employ passive RFID tags for identifying or positioning the objects [2] . Distance of RFID reader and passive tag or semipassive tags is always less than several meters [3] , generally in tens of centimeters, so a number of density passive tags are usually used to improve localization accuracy [4] .
Active RFID-tag is an emerging technology for longdistance identification or localization (more than 100 meters). However, the accuracy of RFID localization is facing of the challenge on modeling anisotropic signals of active RFID tags and unstable electromagnetic interference [5] .
Theoretically, the directional signal-distribution in a sphere around the RFID tag can be decomposed as a combination of signal-distributions on two orthogonal directions of the tag: horizontal orientation and vertical orientation, which can be regressed by measuring results. Then a practical spatial model of RF signal attenuation can be deduced.
II. METHOD OF MEASURING SIGNAL
An active RFID system is mainly comprised of tags and readers, which is similar with a passive RFID system. The tag sends a signal actively, and the reader decodes the signal with its antenna. Physically, the antenna of RFID tag is anisotropic, and the signal strength in different orientation of an active tag is quite different [6] [7] , whereas the antenna of RFID reader is always isotropic, for example, cylindrical antennas. In such system, the orientation of reader's antenna has no effect on the signal strength of receiving data.
Our researches are under the test work in the laboratory of BIM Center of Curtin University as well as a scaffold warehouse in Belmont, Western Australia 6104, to evaluate its adaptability in the actual environment of RFID-aided application system. Omni-ID power 400 active RFID tags and Omni-ID mobile reader are selected in the experiments in this paper. Generally, the RFID tags are placed horizontally or vertically to the ground in real application scenarios. We can set a coordinate system for measuring signal strength in 3-D space as in Fig. 1 . The tag is set in the horizontal plane P XOY . The reader is set on a point A in the 3-D space.
The RF signal transmits on the direction from the tag point O to the reader point A, and the signal decays along the transmitting distance of the RF signal. So, the strength of the signal P R when reaches the reader is defined as:
The function F is a signal attenuation model in a certain application environment. P w is the emission power of the tag, which is decided by the electronic manufacture technique. L the transmitting distance, θ and ω are the cross angle of the transmitting orientation to the tag's horizontal axis and tag's vertical axis respectively. Since the strength of initial signal emitting from RFID tag changes with the orientation to the reader, the power of receiving signal P R is also defined as:
There are three basic models.
is the signal distribution model on tag's horizontal orientation,
is the signal attenuation model in real environment. These models can be regressed from measuring data with general regress methods.
III. BASIC SIGNAL ATTENUATION MODELS

A. Orientation Models of Active Tag's Signal
Several experiments are set for measuring the anisotropic signal when the distances between tag and reader are 1, 2 and 5 meters respectively. Within a certain distance, the reader antenna is moved each 10 degree angle around the tag on horizontal orientation or vertical orientation, then the strength of an arriving signal which emits from the tag is recorded by the reader. Signal strength is recorded as RSSI (received signal strength indicator), Fig. 2 and Fig. 3 are the results of onemeter-distance.
According to the figures, the strength of receiving signal on the horizontal orientation model P h and the vertical orientation model P v can be described as: 
. It means that the signal on the vertical plane varies with the transmitting distance, but not the orientation to the vertical axis.
Here, P w is the minimum strength of receiving signal decoded by the reader in a certain distance (when θ=0). The horizontal attenuation parameter a is decided by design of active tag, the vertical attenuation parameter b is decided by cross angle of reader's antenna and tag's horizontal central line, and b≈1 in Fig. 2 Sin(θ) is the orientation attenuation characteristics of the active tag. Their standard deviations of the two above models are (a=0.3, b=1):
S=1.34 (dB) (for the horizontal orientation) S=0.78 (dB) (for the vertical orientation)
B. Signal Attenuation Model on One Certain Orientation
Theoretically, the strength of signal P R received by reader antenna is defined by:
Here, P E is the initial signal power on the certain orientation. G E is the gain of tag's antenna, G R is the gain of reader's antenna, ζ is the noise of the environment which is integrated effect of electromagnetic interference. Generally, P E is a stable value when in normal working voltage which is decided by the manufacture technology of active tag, G E is a stable value which is decided by the electronic design of the tag's antenna, and G R is decided by the design of reader's antenna. P loss is the signal energy attenuation with distance.
The P loss in actual space can be deduced from the discipline of radio propagation in free space as:
Here, ƒ is the frequency of the radio (in MHz), e is attenuation coefficient of ƒ-frequency radio in the actual space, and L is the distance that the radio transmits from the tag to the reader antenna.
We measure the signal power along one direction on outdoor ground. Fig. 4 is the measurement result of signal attenuation with distance. 
IV. SPATIAL SIGNAL ATTENUATION MODELS (SSAM)
A. Theoretical model
The anisotropic signal attenuation model of active RFID tags in 3-D space (SSAM, in brief) can be deduced from the basic signal attenuation models. In the measuring coordinate system in Fig. 1 , the RFID tag lays horizontally, which horizontal central axis parallels the X-axis and vertical axis parallels Y-axis, Point O represents the RFID tag, and Point A represents RFID reader. From the coordinate system, the orientation of the reader to the tag (θ and ω) can be measured.
Then the model of RF signal attenuation in 3-D space can be deduced from (5) and (6):

Where  is the noise, and C t is the signal strength at the 1-meter distance from the tag on the direction 0    , which is given by:
The signal distribution in the horizontal plane is shown in Fig. 5 . Obviously, the signal distribution is anisotropic when the transmitting distance is same. In this case, the orientation of tags and the readers changes the signal strength as defined on (5) . The signal decays with not only the transmitting distance, but also the orientation of signal.
Hence, this model indicts that signal attenuation of an active tag is changed with not only distance but also the orientation of signal emitting. The model is hard to be applied to RSSI-based localization methods if orientation of signal emitting is invalid. 
B. Experiment analysis
To illustrate the signal distribution, an experiment designed in a broad square is as follows:
1) There are seldom moving objects cross the square and seldom electromagnetic interference nearby;
2) All tags lays horizontally in a 2m*2m grid, 15 lines and 11 rows totally;
3) Readers' antennas and all tags are in one horizontal plane at 80 cm height to the ground. Fig. 6 shows the experiment result received by one of the readers. Fig. 7 shows the comparison of deviation of the experiment result for signal attenuation models in 2 cases: 1) in free space; 2)for the model SSAM. Fig. 7-a1 shows the deviation of experiment data and the simulation results of isotropic tags transmitting in free space, and the standard deviation is S=7.34 (dB). Fig. 7-a2 shows the deviation of experiment and the simulation result when tags are anisotropic, and the standard deviation is S=4.34 (dB), which improves almost 3 dB than the case in Fig. 7-a1 . The comparison result in Fig. 7 shows that the signal attenuation is related with both transmitting distance and signal orientation for anisotropic RFID tags. The remarkable parts of error probability are Additionally, the distribution of signal measured by readers from Fig. 7-a2 is unstable, and the deviation of the model and the experiment data reflects the error of the model. Except for the orientation of signals and the transmitting distance, more factors should be taken into account, such as the initial orientation of all tags, the density of tags, the mutual signal interference of tags. In position-relative applications, the active tags can be distributed in a grid-way to improve the stability and accuracy, and noise signals affect different tags distributed in different positions should be taken into account. In real application environment, the anisotropic signal makes the signal strength-based localization methods very difficult in deciding the signal changes caused by orientation of tag, the transmitting distance or electromagnetic noise. We analyze the signal strength horizontal orientation and vertical orientation of the tag, and deduce the signal attenuation model in 3-D space. The model can be simplified by placing all tags parallelly at the same horizontal level.
